Background: Merkel cell polyomavirus (MCV) has been associated with Merkel cell carcinoma (MCC) in humans, and its role in other human cancers is under investigation. The aim of this study was to investigate MCV genome infection in patients with colorectal cancer (CRC).
Cancer is a life-threatening disease in humans worldwide. 1, 2 Colorectal cancer (CRC) is the third most common cancer and includes 10% of all cases of cancer globally. 1, 2 Most CRC are caused by factors associated with lifestyle and age, whereas few occur due to genetic and hereditary disorders.
2
Viral infections are responsible for approximately 10-15% of human cancers worldwide. [3] [4] [5] Studies have shown that viruses from the Polyomaviridae family are oncogenic in animal models and are capable of transforming cells in culture.
6 BK virus, John Cunningham (JC) virus, Simian virus 40 (SV40), and the recently known Merkel cell polyomaviruses (MCPyV or MCV) have nonenveloped virions of 45-50 nm diameter.
7-8 They have a circular double-stranded DNA genome with an approximate size of 5 kilobase pairs (kbp). 9 Generally, polyomavirus (PyV) lytic infection is responsible for their pathogenesis, but primary infection does not usually lead to an acute illness, and low levels of the virus establish a latent infection. 10 A lack of cell culture models for PyV restrict us to the use of molecular diagnostics methods. 11 The presence of PyVs in cancerous patients is associated with immunosuppression and a higher risk severe PyV disease; therefore, these patients should be monitored carefully and managed appropriately through their treatment course. 10 Some polyomaviruses, including BK, JC, and SV40, have been investigated for their association with CRC. 10, 12 After some evidence of non-neuronal JC virus (JCV) complications in gastric and lung cancers came to light, Laghi et al described the potential risk of JCV in CRC and reported that 96% of tissues from CRC patients were positive for JCV genomic DNA. 13, 14 However, another study reported a rate JCV infection in CRC tissue of about 18.2%, and yet another study reported an infection rate of 100% in anal cancer tissue. 10, 15 However, according to a systematic review by Chen et al, 5 some studies reported the absence of BK and JC genomes in CRC tissue.
Recently, MCV has gained attention due to its association with rare human cancers.
7 MCV infection is common in the human population and is detected in various locations, such as skin of neuroendocrine cell origin. 7, 16 Given the carcinogenicity of MCV, the relationship between infection by this virus and various cancers, including skin tumors, non-Merkel skin tumors in neuroblastoma, central nervous system tumors, lung cancer and mesothelioma, has been investigated. 11, 17, 18 However, in some high-grade neuroendocrine tumors of different body sites, there were no positive results for MCV DNA. 18 Integration of the MCV genome in Merkel cell carcinoma (MCC) could stimulate cancer progression. 18, 19 Mutation or deletion of nucleotide sequences in the early genomic region could produce a truncated T antigen, impaired replication of the viral genome, and cell transformation.
18
Some researchers have identified the MCV genome in CRC specimens, but currently there is not enough information about the role of MCV in CRC. 5, 18 The rationale for investigation MCV in CRC is the probable similar epidemiological pattern and association of some PyVs in CRC.
20
Studies investigating the possible role of MCV in CRC are rare, and the majority of explorations were performed comparing cancer tissues with pre-cancerous lesions and did not include control subjects. 18, 20 In addition, there are no data on the prevalence of MCV in the Iranian gastrointestinal cancer patient population. Accordingly, this study sought to investigate the presence of the MCV genome in CRC compared with pre-cancerous healthy tissue lesions as a control group.
METHODS

Study population
In colonoscopy, matched by sex and age with the case group, and had no malignant lesions. Slides stained with hematoxylin and eosin (H&E) were reviewed by an experienced pathologist, and 20-micron-thick slices were used for all samples.
1
DNA extraction
The QIAamp ® DNA FFPE Tissue Kit (QIAGEN, Hilden, Germany) was used for genomic DNA extraction from CRC patients and healthy pre-cancerous lesions patients. 21, 22 Purified DNA was quantified by using a NanoDrop ND-1000 ® (Thermo Fisher Scientific Inc., Waltham, MA, USA) spectrophotometry. DNA was kept at −20˚C before use.
Real-time polymerase chain reaction (PCR)
A real-time PCR assay was optimized for evaluation of the T-Large Ag (LT) of MCV by the SYBR Green method. Specific forward (5'-TCTTCCTCTGGGTATGGGTC-3') and reverse (5'-ATTGGGTGTGCTGGATTCTC-3') primers for LT Ag from previous authors works were used (17, 23) . The Rotor-Gene-Q 6000 thermocycler (Corbett, Australia) was used for real-time PCR assay optimization. The melting curve was analyzed to investigate the reaction specificity (PCR product differentiation from non-specific amplification). The components of the total reaction mixture were 2× Amplicon III mix (Odense M, Denmark) 7.5 μl, each forward and reverse primer to a 0.5 μM concentration, each sample or control to a 0.2-0.5 μM concentration, and distilled water to obtain a total volume of 15 μl. To increase the accuracy of the analysis, a duplicate test was performed for each test sample. The cycling program used consisted of an initial denaturation for 5 min at 95˚C and 40 cycles of 30s at 95˚C and 30s at 57˚C; acquisition at annealing extension was performed. Fivesecond Intervals from 50˚C to 99˚C were used for melting curve analysis. A positive control was obtained from the work of previous authors, and its quality was confirmed by cloning and realtime PCR methods. [17] [18] [19] [20] [21] [22] [23] The full-length MCV LT Ag target of the forward and reverse primers was cloned and analyzed on the basis of previously published protocols.
18,24
Statistical analysis
All data were entered into Statistical Product and Service Solutions (SPSS) software version 22. Chi-square analysis or Fisher's exact test were used to evaluate the data with regard to categorical and qualitative variables such as lymph node involvement or tumor stage. A p-value ≤0.05 was considered to indicate statistical significance.
RESULTS
Study population
A total of 157 specimens including 66 CRC cases and 91 healthy controls participated in this study. Of the 61 cases, the mean age (±SD) was 59.35±14.49 and 57.6% were male. Of the 91 healthy participants, the mean age (±SD) was 57.21±14.66 and 57.1% were male. Demographic and pathologic characteristics of the case and control groups are shown in table 1.
Real-time PCR assay
All 157 samples were analyzed by realtime PCR assay to determine the prevalence of MCV by using specific LT Ag primers. Although the positive and negative controls produced a reasonable amplification curve (not shown), none of the specimens produced a positive signal. A melting curve diagram showed the specificity of the primers and conditions for MCV detection. Confirmation of the positive control by specific primers that were used in the current study was carried out by PCR, and the result is shown in Figure 1 . Plasmid sequencing results for the positive control are shown in Figure 2 .
Statistics
Statistical analyses of different demographic variables by pathologic data showed no significant results in the comparison of CRC outcome with gender, although CRC was more often seen in males. Rectum location and mucinous type of CRC in males were statistically significant (p≤0.05).
DISCUSSION
The relationship between polyomavirus infections and gastrointestinal malignancies is under investigation. 18 In recent studies, the JCV and MCV genomes have been identified in sewage and environmental samples, which indicates the possibility of transmission of these viruses by the oral-fecal route. 24 The targets of MCV could be epithelial, digestive, nervous system, and
8 Rapid diagnosis of MCV in colonic adenoma is important for choosing appropriate intensive treatment strategies for these patients.
11 A molecular-based therapy could improve clinical outcomes and reduce disease severity. Based on our findings by the present study, it is not applicable to Iranian CRC population, although our limited population or potential inhibitors from human tissue could have impacted on the infection detection frequency.
Polyomavirus-associated CRC might be transferred by meat as hypothesized by zur Hausen. 25 Beef has been shown to contain different human and animal polyomaviruses, such as MCPyV, human polyomavirus 7 (HPyV7), and raccoon polyomavirus (RacPyV). 25 MCV, like some other polyomaviruses, secretes tumor antigen (T-Ag) oncoproteins that could readily induce tumor formation. 17 One possible mechanism of MCV oncogenesis is based on the LT and sT antigens that downregulate Toll-like receptor 9 (TLR9), an important receptor for the innate immune system. This downregulation could suppress the CCAAT-enhancer binding protein β (C/EBPβ) transcription factor and cause further defects in immune responses and consequences for cell proliferation.
26
Another proposed mechanism is sT antigen downregulation of NF-kB-mediated transcription and further triggering of carcinogenesis. 26 Moreover, there are some functional domains in the sT Ag that present a DnaJ domain and contain zinc (Zn) binding sites. The PPAR1/NEMO binding site and a large T stabilization domain in MCV have roles in oncogenic processes. 27 Although some researchers have identified the genome of MCV polyomavirus in CRC patients, currently, there is not enough information about the role of MCV polyomavirus in CRC. 5, 7 In addition, there is no information on the prevalence of MCV in samples of gastrointestinal cancers in the Iranian population. Therefore, this study aimed to investigate the presence of the MCV genome in CRC patients. Our studied samples included 66 subjects with CRC and 91 healthy individuals who underwent total colonoscopy and had noncancerous masses. After DNA extraction, real-time PCR was conducted by using LT Ag region-specific primers. According to the results of the present study, none of the samples were positive based on the confirmed positive and negative controls when specific T antigen primers were used. It is likely that that the level of MCV infection in our community is low, especially in people with CRC complications, although there have been some rare reports of MCV infection in different malignancies in Iran. 9, 7, 23, [28] [29] [30] Also, MCV genome positivity was reported in 40%-100% of cutaneous swabs from clinically healthy subjects, and MCV was detected in respiratory secretions, on oral and anogenital mucosa, and in the digestive tract. 31 Our negative results may also have been caused by inhibitors from human tissue or the formalin fixation step performed in FFPE blocks.
Some reports showed viral capsid protein antibodies to MCV in healthy subjects, although the same is true about other known human polyomaviruses (BK, JC, KI, and WU viruses).
31-33
In one such study, MCV seroprevalence was 0% in infants, 43% in children 2-5 years of age, and up to 80% in adults older than 50 years. 34 Studies showed 87.1% MCV antibody prevalence in adulthood, 35 increasing from 45% in children under 10 up to 81% in adults older than 60 years, and seroprevalence of 91% in MCC patients, compared with 68% in a control group. 36 The current study did not evaluate anti-MCV antibody positivity, which is recommended in further studies to obtain more comprehensive results, although anti-MCV antibody prevalence might be omitted since it has no correlation with CRC nor with the pathogenesis of CRC.
Some studies in Iran detected MCV in different malignant and non-malignant populations. Sadeghi et al 17 in one such Iranian study reported an MCV prevalence of 59% in patients with central nervous system (CNS) tumors, and they indicated the existence of a low MCV viral load. Another study in Iranian patients by Salehi-Vaziri et al 9 detected 33% MCV positivity in cervical specimens and 12.5% in coinfection with HPV. They concluded that MCV co-infection with HPV could lead to progression of malignancy. Mohebbi et al 28 in head and neck squamous cell carcinoma patients showed 16% prevalence of MCV infection. Although they found a significant association between an increased viral load and a higher cancer stage, they concluded that its association should be investigated further. Another study by Yahyapour 19 on MCC patients showed MCV positivity in 55% and 6.1% in Kaposi's sarcoma patients, but did not detect it in autopsy samples from immunodeficient patients. Our study showed no positive results for the presence of the MCV genome in the studied population; further studies are required to verify the low rates of MCV infection in Iranian CRC patients. Furthermore, using more precise methods, such as nested PCR, or using fresh samples can be helpful when the viral load is low.
In CRC patients, Campello et al 18 designed a case-control study to investigate MCV in fresh tissue from 64 CRC patients and fresh biopsies from 80 matched relatives. They also examined 144 blood samples. After using PCR and sequencing, they reported that 6.3% of cases and 8.8% of controls were infected by MCV. Blood samples showed an overall rate of MCV infection of 12.5%. This result showed a low frequency of MCV in the colon, although they used fresh samples for analyses. The present study used FFPE samples, and we could not detect any MCV positive specimens. A low copy number of the MCV genome based on previous studies and using FFPE blocks could have affected our results. Also, due to the retrospective study design and not having any blood samples, we were not able to verify our results serologically. Our population had similar ages in the CRC group to those in the study by Campello et al, 18 which showed that other confounding effects or different socioeconomic factors could produce negative results in the detection of MCV, although there was a detectable frequency of MCV in our country in different populations. 9, 17, 28, 29 This study did not detect MCV infection in cancerous and non-cancerous colorectal specimens, a negative result could have been due to the low prevalence rates of the virus in the community or CRC population and/or a low viral load in the studied samples. Confirmatory studies using a larger sample size and different specimen types are recommended for a more thorough understanding of the MCV infection prevalence in CRC.
